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ABSTRACT 
Lightning is an electrical discharge that happens during thunderstorms. The 
discharge type can be either within cloud (IC), cloud-to-cloud, or cloud-to-ground 
(CG). The characterisation of a discharge activity based on the analysis of the 
measured electric field is widely studied in various geographical conditions. The 
technique of locating a CG flash is also widely researched. However, little is known 
on the discharge characteristics in equatorial and tropical regions, such as those 
associated with preliminary breakdown pulses (PBPs) and return strokes (RSs). 
Similarly, improvements can still be made on Lightning Locating Systems (LLSs), 
especially those using the time of arrival (TOA) technique.  In particular, the operation 
of a three-station LLS to correctly locate a CG flash is very much desired to be proven. 
This work aims to obtain and analyse the lightning discharge characteristics in 
Malaysia. The work also proposes a new TOA based technique to correctly locate a 
CG flash using only three measuring stations. Measurements had been made in 
southern Malaysia using a purposely designed lightning detection system comprising 
a broadband antenna. A three-station TOA based LLS had also been implemented. The 
new TOA based technique was developed using the three-station LLS modelling in 
Matlab and artificial neural network (ANN). A discrete wavelet transform based 
technique was successfully developed to classify the discharge type. Self-Organizing 
Maps and Levenberg–Marquardt algorithms can identify the correct strike position 
with 2.5% error. The trained ANN engine was used to determine flash locations in a 
400 km2 region. The three-station LLS gives superior results in terms of detection 
accuracy and efficiency when compared with those measured by Malaysian 
Meteorological Department. 
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ABSTRAK 
Kilat adalah discas elektrik yang berlaku semasa ribut petir. Discas berlaku di 
dalam awan (IC), awan ke awan, atau awan ke bumi (CG). Pencirian aktiviti discas 
berdasarkan analisis medan elektrik yang diukur telah dikaji dengan meluas dalam 
pelbagai keadaan geografi. Teknik penentuan lokasi kilat CG juga dikaji dengan 
meluas. Walau bagaimanapun, sedikit yang diketahui berkaitan pencirian discas di 
kawasan Khatulistiwa dan tropika, seperti yang berkaitan dengan denyutan pecahtebat 
awal (PBPs) dan panahan balik (RSs). Penambahbaikan juga masih boleh dibuat ke 
atas Sistem Lokasi Kilat (LLSs), terutamanya yang menggunakan teknik masa 
ketibaan (TOA). Khususnya, operasi LLS tiga-stesen untuk penentuan lokasi kilat CG 
secara tepat amat dikehendaki untuk dibuktikan. Kajian ini bertujuan untuk mendapat 
dan menganalisis ciri discas kilat di Malaysia. Kajian ini juga mencadangkan satu 
teknik baru berasaskan TOA untuk menentukan lokasi kilat CG secara dengan hanya 
menggunakan tiga stesen pengukur. Pengukuran telah dibuat di selatan Malaysia 
menggunakan sistem pengesanan kilat yang telah direka menggunakan antena jalur 
lebar. LLS tiga-stesen berasaskan TOA telah dilaksanakan. Teknik baru berasaskan 
TOA telah dibangunkan menggunakan pemodelan LLS tiga-stesen menggunakan 
Matlab dan rangkaian neural buatan (ANN). Satu teknik berasaskan jelmaan wavelet 
diskret untuk mengklasifikasikan jenis discas telah berjaya dibangunkan. Algoritma- 
algoritma Self-Organizing Maps and Levenberg–Marquardt boleh mengenal pasti 
kedudukan panahan dengan ralat 2.5%. Enjin ANN terlatih telah digunakan untuk 
menentukan lokasi kilat di sesebuah kawasan seluas 400 km2. LLS tiga-stesen 
memberikan keputusan yang lebih baik dari segi ketepatan dan kecekapan pengesanan 
berbanding data dari Jabatan Meteorologi Malaysia. 
